




その他のタイトル Research of the Intelligence of Mobile Robots



















?? 22? 3? 




??? ?? ................................ ................................ ............. 10 
1.1 ???? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
1.1.1 ??????? ........................................................................................... 11 
1.1.2  ???????? ..................................................................................... 13 
1.2 ?????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
1.3 ?????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
? 2 ? ?????? ???? ................................ ................... 22 
2.1 ?? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
2.2  ?????????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
2.2.1 ??????????????(MLP) ....................................................... 24 
2.2.2 ??????????? ............................................................................ 25 
2.2.3 ?????????? ................................................................................ 28 
2.2.4 ????????????????? ....................................................... 28 
2.3  ????????  (SOM) ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
2.3.1 ??????????????.................................................................. 29 
2.3.2 ??????????????? .............................................................. 30 
2.3.2.1 ?????? ........................................................................................... 31 
2.3.2.2 ?????? ........................................................................................... 31 
2.3.2.3 ?????? ........................................................................................... 31 
3.2.4 ?????? .............................................................................................. 32 
2.3.3 SOM???? ............................................................................................. 33 
2.4  ???????  (NG) ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
2.4.1 ????????????? ..................................................................... 34 
2.4.2 ??????????????.................................................................. 34 
2.4.2.1 ?????? ........................................................................................... 35 
2.4.2.2 ?????? ........................................................................................... 35 
2.4.2.3 ?????? ........................................................................................... 35 
2.4.2.4 ?????? ........................................................................................... 36 
2.4.3 NG??????......................................................................................... 37 
2.5  ??????????????  (mnSOM) ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 
 2 
2.5.1 ???????????????????? ............................................ 38 
2.5.2 ????????????????? ....................................................... 38 
2.5.3 mnSOM?????????...................................................................... 39 
2.5.3.1 ?????? ........................................................................................... 39 
2.5.3.2 ?????? ........................................................................................... 40 
2.5.3.3 ?????? ........................................................................................... 40 
2.5.3.4 ?????? ........................................................................................... 41 
2.5.4 ????????????? ..................................................................... 42 
2.5.5 MLP-mnSOM?????? ....................................................................... 43 
??? ?????? ???????????? ............................ 61 
3.1 ?????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 
3.2 Intelligent Mechanical Design ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 
3.3 Mechanical Design Principles: “Mecha-telligence Principles ” .. 63 
3.4 Mechanical Design Process: “Mecha-Telligence Methodology” .. . 66 
3.5? ???????????????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
3.6 ????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 
3.6.1 ??????? ........................................................................................... 68 
3.6.2 ??????????? ............................................................................ 68 
3.6.3 ????????????? ..................................................................... 69 
3.7 ?????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 
3.8 ????????????????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 
3.8.1 ??????????Musashhi???? ................................................. 75 
3.8.1.1 Concept of omni-directional mobility...................................................... 75 
3.8.1.2 Concept of Safety..................................................................................... 76 
3.8.1.3 Concept of modularity............................................................................. 80 
3.8.2  ?????????”Musashi”?????? ........................................... 83 
3.8.3  ??? ....................................................................................................... 84 
??? ???????????? 1? ?????????? ????
????? ................................ ................................ ............. 107 
4.1 ?? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108 
4.2 ?????????????????  ? ???????????? 109 
4.2.1? ???? .................................................................................................. 109 
 3 
4.2.2 ?? ............................................................................................................111 
4.2.3 USB??????? mnSOM????????????????????
??????????? .................................................................................... 112 
4.2.3.1 ????................................................................................................. 112 
4.2.3.2 ????................................................................................................. 113 
4.2.3.3 ????................................................................................................. 114 
4.2.3.4 ????................................................................................................. 115 
4.2.3.5 ?? ........................................................................................................ 117 
4.2.4?????????????Musashi????????????????
?????????????? ......................................................................... 119 
4.2.4.1 ????????????????? .................................................. 119 
4.2.4.2 ???????? .................................................................................. 120 
4.2.4.2 ????................................................................................................. 121 
4.2.4.2.1  ??????..................................................................................... 121 
4.2.4.2.2  ????????(SOM)?????? ............................................. 122 
4.2.4.2.3  ???????(NG)?????? ................................................... 122 
4.2.4.2.4  ??????????????(mnSOM) ?????? ................ 122 
4.2.4.3 ????................................................................................................. 123 
4.2.4.4 ????................................................................................................. 126 
4.2.4.5 ?? ........................................................................................................ 127 
4. 3 ??? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128 
? 5 ? ??????????? 2? ?????????? ?????
?????? ................................ ................................ .......... 154 
5.1 ?? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155 
5.2 ?????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156 
5.3 ??????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 
5.4. ?? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162 
5.5 ?????????”Twin-Burger” .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164 
5.6 mnSOM ???????????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165 
5.6.1 ???????? ..................................................................................... 166 
5.6.1.1 ??????????????............................................................. 166 
5.6.1.2 ???????????? .................................................................... 168 
 4 
5.6.1.3 ???????? .................................................................................. 169 
4.6.2 ???????? ..................................................................................... 171 
4.6.2.1 ???????????????????? ???? ....................... 171 
5.6.2.2 ????????????????????? ???? ................... 172 
5.6.2.4 ??????????? ....................................................................... 173 
5.8 ??? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175 
? 6 ? ???????? ................................ ......................... 201 
6.1 ??????? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202 
???? ................................ ................................ ................ 206 
??? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206 
??? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207 
? 3 ? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208 
? 4 ? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211 




FIG.1-1 FACTORY AUTOMATION ROBOT (MOTOMAN-SSA2000 YASKAWA)[20] .........................17 
FIG.1-2 2-BIPES ROBOT (ASIMO HONDA CO., LTD.) [21] .........................................................17 
FIG.1-3 HUMANOID ROBOT (HRP2 IST)[22] ..............................................................................18 
FIG.1-4 NEO MECHATORONICS SOCIETY MAP [5] .......................................................................19 
FIG.1-5 MARS PATHFINDER “SOJOURNER”[7]..............................................................................19 
FIG.1-6 MARS EXPLORATION ROVER “OPPORTUNITY” [8] ...........................................................20 
FIG.1-7 AUTONOMOUS UNDERWATER VEHICLE “ R2D4 “ [9].......................................................20 
FIG.1-8 MODEL OF INTELLIGENT MODEL.....................................................................................21 
FIG. 1-9 STRUCTURE OF THIS DOCTOR DISARATION.....................................................................21 
FIG.2-1 MODEL OF MULTI LAYER PERCEPTRON..........................................................................44 
FIG.2-3 GRAPH OF HYPERBOLIC TANGENT FUNCTION .................................................................44 
FIG.2-2 GRAPH OF SIGMOID FUNCTION .......................................................................................44 
FIG.2-4RESULT OF BP LEARNING (IRIS) ......................................................................................45 
FIG.2-5 VECTOR SPACE OF IRIS DATA...........................................................................................45 
FIG. 2-6 VECTOR SPACE AND FEATURE MAP.................................................................................46 
FIG.2-7 ERROR BETWEEN DATA VECTOR AND REFERENCE VECTORS ............................................46 
FIG. 2-8 ADAPTATION OF REFERENCE VECTORS...........................................................................47 
FIG. 2-9 CHANGE OF FEATURE MAP BY BATCH LEARNING ............................................................48 
FIG.2-10 THE RESULT OF BATCH SOM FEATURE MAP.................................................................49 
FIG.2-11 AN UNIFORM DISTRIBUTION LEARNING DATA ................................................................50 
FIG.2-12 THE RESULT OF THE SOM ALGORITHM (AN UNIFORM DISTRIBUTION) ..........................50 
FIG.2-13 THE RESULT OF THE NG ALGORITHM (AN UNIFORM DISTRIBUTION).............................51 
FIG.2-14 THE CIRCLE (A DOUGHNUT) LEARNING DATA ................................................................51 
FIG.2-15 THE RESULT OF SOM ALGORITHM (A DOUGHNUT)........................................................52 
FIG.2-16 THE RESULT OF NG ALGORITHM (A DOUGHNUT) ..........................................................52 
FIG.2-17 THE TWO UNIFORM DISTRIBUTION LEARNING DATA......................................................53 
FIG.2-18 THE RESULT OF SOM ALGORITHM (TWO UNIFORM DISTRIBUTION)...............................53 
FIG.2-19 THE RESULT OF NG ALGORITHM (TWO UNIFORM DISTRIBUTION) .................................54 
FIG.2-20 STRUCTURE OF MNSOM...............................................................................................55 
FIG.2-22 RESULT OF CUBIC FUNCTION MNSOM..........................................................................56 
FIG.2-23 RESULT OF MNSOM FEATURE MAP...............................................................................57 
 6 
TABLE 2-1 VARIABLE USED EXPLANATION OF SOM ALGORITHM .................................................58 
TABLE 2-2 ANIMAL DATA VECTORS...............................................................................................59 
TABLE 2-3 PARAMETERS OF SOM ALGORITHM ............................................................................60 
TABLE 2-4 VARIABLE USED EXPLANATION OF NG ALGORITHM ....................................................60 
FIG. 3-1 MECHANICAL DESIGN OF AN AUTONOMOUS MOBILE ROBOT AND RELATED FACTORS [3] 85 
FIG. 3-2 NEW APPROACH TO MECHANICAL DESIGN OF AN AUTONOMOUS MOBILE ROBOT ............85 
FIG. 3-3 OVERVIEW OF DESIGN PRINCIPLES OF MECHANICAL DESIGN OF....................................86 
FIG. 3-5 SIMULATION LEAGUE.....................................................................................................87 
FIG. 3-6 SMALL SIZE LEAGUE ......................................................................................................87 
FIG. 3-8 4-LEG LEAGUE ...............................................................................................................88 
FIG. 3-9 HUMANOID LEAGUE.......................................................................................................88 
FIG. 3-10 RESCUE LEAGUE..........................................................................................................88 
FIG. 3-11 @HOME LEAGUE...........................................................................................................89 
FIG. 3-12 ROBOCUP JR DANCE LEAGUE ......................................................................................89 
FIG.3-13 ROBOCUP JR. SOCCER LEAGUE .....................................................................................89 
FIG. 3-14 ROBOCUP JR. RESCUE LEAGUE ...................................................................................90 
FIG. 3-15 LIMITATION OF A MSL ROBOT SIZE..............................................................................90 
FIG. 3-16 THE FIELD OF ROBOCUP MSL (18 X 12 [M]) ...............................................................91 
FIG. 3-17 THE SELECTED TYPE OF SOCCER ROBOT [19] ...............................................................91 
FIG. 3-18 THE HIGH-LEVEL SPECIFICATION LAYERS INCLUDING MAIN-LAYER AND SUB LAYER [19]
............................................................................................................................................92 
FIG. 3-19 LAYER 1 GENERATED FROM THE SUB-LAYER[19]..........................................................92 
FIG. 3-20 LAYER 2 GENERATED FROM THE LAYER 1 [19] .............................................................93 
FIG. 3-21 MONO-SPEC LAYER GENERATED FROM THE LAYER 2 [19].............................................93 
FIG.3-22 RESULTS OF THE MONO-SPEC LAYER GENERATION AND THE FUNCTION DESIGN PRIORITY 
[19] .....................................................................................................................................94 
FIG. 3-23 THE RESULTS OF DESIGN [19] ......................................................................................94 
FIG. 3-24 THE FIRST VERSION OF OUR ROBOT EQUIPPED WITH ELEVEN SENSORS .......................95 
FIG. 3-25 MUSASHI ROBOT PLATFORM ........................................................................................95 
FIG. 3-31 FLOWCHART OF THE MUSASHI ROBOT .......................................................................100 
FIG. 3-32 FLOWCHART OF THE MUSASHI ROBOT: ......................................................................100 
FIG.3-33 SIGLE MODULES .........................................................................................................101 
FIGS. 3-34 BATTERY MODULE....................................................................................................102 
 7 
FIG.3-35 MODULES OF “MUSASHI” ROBOT HARDWARE..............................................................103 
FIG.3-36 MODULES OF “MUSASHI” ROBOT ................................................................................104 
TABLE 3-1 SPECIFICATION OF A “MUSASHI” ROBOT...................................................................105 
TABLE 3-2 RISK ASSESSMENT OF THE “MUSAHSI” ROBOT..........................................................106 
FIG.4-1 TESTING DATA ENVIRONMENT ......................................................................................130 
FIG.4-2 TESTING DATA ..............................................................................................................130 
FIG.4-3 SAMPLE OF COLOR DATA ...............................................................................................131 
FIG. 4-4 BP VISION SYSTEM ......................................................................................................132 
FIG. 4-5 MNSOM’S FUNCTIONAL MODULE IN OUR ALGORITHM .................................................132 
FIG.4-6 RESULT OF BP LEARNING (SOMG CANVAS) AND ERROR COLOR PICTURE.....................133 
FIG.4-7 RESULT OF BP TEST DATA(SOMG CANVAS) AND ERROR PICTURE.................................134 
FIG.4-8 RESULT OF MNSOM FEATURE MAP...............................................................................135 
FIG.4-9 RESULT OF BP EXPERIMENT II LEARNING DATA ERROR SAMPLE PICTURE....................136 
FIG.4-10 RESULT OF BP EXPERIMENT II TEST DATA .................................................................136 
FIG.4-11 RESULT OF MNSOM FEATURE MAP.............................................................................137 
FIG. 4-12 CONVENTIONAL COLOR EXTRACTION ALGORITHM .....................................................138 
FIG. 4-13 THE OMNI-DIRECTIONAL MOBILE SOCCER ROBOT “MUSASHI....................................138 
FIG. 4-14 LIGHTING CONDITION OF THE EXPERIMENT: ARROW SHOWS THE ROBOT MOVEMENT
..........................................................................................................................................139 
FIG.4-15 TRANSITION THE UNITS BY SOM ALGORITHM ............................................................139 
FIG. 4-16 TRANSITON OF THE UNIT IN FEATURE MAP BY SOM ALGORITHM ..............................140 
FIG. 4-17 TRANSITION THE THRESHOLD BY SOM ALGORITHM..................................................140 
FIG. 4-18 TRANSITION THE UNITS BY NG ALGORITHM ..............................................................141 
FIG. 4-19 TRANSITION THE THRESHOLD BY NG ALGORITHM.....................................................141 
FIG. 4-20 TRANSITION THE MODULES BY MNSOM ALGORITHM ................................................142 
FIG. 4-21 TRANSITION THE MODULES AND FEATURE MAP BY MNSOM ALGORITHM...................142 
FIG.4-22 TRANSITION THE THRESHOLDS BY MNSOM ALGORITHM ............................................143 
TABLE 4-1 TEST COLOR.............................................................................................................144 
TABLE 4-2 CONDITION OF TEST ENVIRONMENT.........................................................................145 
TABLE 4-3 PARAMETERS OF MLP-MNSOM ...............................................................................146 
TABLE 4-4 RESULT OF BP EXPERIMENT I ABOUT LEARNING DATA.............................................146 
TABLE 4-5 RESULT OF MLP-MNSOM EXPERIMENT I ABOUT LEARNING DATA...........................147 
TABLE 4-6 RESULT OF BP EXPERIMENT I ABOUT NON-LEARNING DATA.....................................147 
 8 
TABLE 4-7 RESULT OF MLP-MNSOM EXPERIMENT I ABOUT NON-LEARNING DATA...................148 
TABLE 4-8 RESULT OF BP EXPERIMENT II ABOUT LEARNING DATA ...........................................148 
TABLE 4-9 RESULT OF MLP-MNSOM EXPERIMENT II ABOUT LEARNING DATA .........................149 
TABLE 4-10 RESULT OF BP EXPERIMENT II ABOUT NON-LEARING DATA ...................................149 
TABLE 4-11 RESULT OF MLP-MNSOM EXPERIMENT II ABOUT NON-LEARNING DATA ...............150 
TABLE 4-12 RESULT OF MLP-MNSOM ABOUT LEARNING DATA (10 BP LEARING/ EPOCH) .........150 
TABLE 4-13 RESULT OF MLP-MNSOM ABOUT NON LEARNING DATA ( 10 BP LEARNING/ 1 EPOCH)
..........................................................................................................................................150 
TABLE 4-14 VARIABLES USED IN EXPLANATION OF SOM AND NG ALGORITHMS.......................151 
TABLE 4-15 VARIABLES USED IN EXPLANATION OF MNSOM ALGORITHM ..................................151 
TABLE 4-16 ENVIRONMENT OF THE LEARNING DATA .................................................................152 
TABLE 4-17 ENVIRONMENT OF THE NON LEARNING DATA .........................................................153 
TABLE 4-18................................................................................................................................153 
RESULT OF EXPERIMENT I.........................................................................................................153 
FIG.5-1 CLASSIFICATION OF UNDERWATER ROBOTS [5-19??] ................................................176 
FIG.5-2 ALVIN (HTTP://WWW.WHOI.EDU/MAROPS/VEHICLES/ALVIN/INDEX_EN8.HTML) ............176 
FIG.5-3 ABE..............................................................................................................................177 
FIG. 5-4 ODYSSSEY II ................................................................................................................177 





FIG.5-10 ????(????) ...................................................................................................180 
FIG.5-11 R-ONE ROBOT.............................................................................................................180 
FIG.5-12 R2D4 ..........................................................................................................................181 
FIG.5-13 AQUAEXPLORER2000 .................................................................................................181 
FIG.5-14 TRI-DOG 1 ..................................................................................................................182 
FIG. 5-15 AQUA-BOX III ............................................................................................................182 
FIG. 5-16 AUV “ TWIN-BURGER” ..............................................................................................183 
FIG. 5-17 THE NETWORK STRUCTURE OF A FORWARD MODULE AND A CONTROL MODULE ......185 
FIG. 5-18 LEARNING PROCESSES OF AN ADAPTIVE CONTROLLER SYSTEM USING RNN-MNSOM
..........................................................................................................................................186 
 9 
FIG. 5-19 A FORWARD MODEL MAP OBTAINED FROM  THE TIME SERIES OF LIMIT CYCLE 
SIMULATION DATA ............................................................................................................187 
FIG. 5-20 FORWARD MODEL MAP EVALUATION IN M-C SPACE CALCULATED BY THE MEANS 
SQUARE METHOD .............................................................................................................188 
FIG. 5-22 CONTROL EXPERIMENT OF MNSOM USING “TWIN-BURGER” ....................................199 
TABLE 5-1 SPECIFICATIONS OF TWIN-BURGER..........................................................................200 














1.1 ????  






? ???????????1920 ?????? Karel Capek ?????????
? “R?U?R”[1-1]?????????????????????? Robota??




















































NASA ????????[1-6]??? 1996 ??????? Mars Pathfinder 

















??????(the Penguin Dictionary of Psychology)?????????????
???????????????????????????????????
???????”???????????????????????????
[1-11].1921???????????????the Journal of Educational Psychology?
?????14 ?????????????????[1-12]?14 ???????
??????????????????????????????????(L. M.   
Terman) ??????????????????? (S. S. Colvin) ??????
?????????? (R. Pintner) ????????????????????


















































































(SOM: Self-Organizing Map)????????(NG: Neural Gas)????????

















Fig.1-3 Humanoid Robot (HRP2 IST)[22] 
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Fig.1-4 Neo Mechatoronics Society Map [5] 
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Fig.1-6 Mars Exploration Rover “Opportunity” [8] 
 
 




Fig.1-8 Model of intelligent model  
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2.3.2.1 ??????  
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??? i??????? BMU? ???(2.26?) 
? ??????????????????????? 2.27 ??????2.28 ?







k* = argkminEik        (2.26) 
! 
Ek = E1k ,E2k ,.....,E jk( )             (2.27) 
 
! 
i = index(SEk ( j))       (2.28) 
 
2.4.2.3 ??????  
? ???? ?????????????????? i ??????????
?????????2.29,2.30??.SOM????????? BMU????? 1.0, 










) U        (2.29) 






























wk (t +1) = "ik xi
i




2.4.3 NG??????  
 





























2.5  ??????????????  (mnSOM) 
 
2.5.1 ????????????????????  

















2.5.2 ?????????????????  

















Di = xi,1, yi,1( ),......., xi, j , yi, j( ){ }??i ????????????
???????????????.???????????????
! 







2.5.3 mnSOM?????????  
??????????????MLP ????????? MLP- 
mnSOM(MLP-mnSOM)????????MLP-mnSOM ? K ???????
! 



















































L2 gk , f i( ) = gk (x) " f i (x)
2 pi (x)dx = Eik#     (2.35) 
????
! 
pi (x)? i????????????????? ?????????





2.5.3.2 ??????  






ki* = argk minEik      (2.36) 
?????. 
 
2.5.3.3 ??????  




h( # k $# ki* ; t)




     (2.37) 
! 








)      (2.38) 

























Ek = "ikEiki# ????????? k?????????
?????????.??????????? ? ???????????
??????????.???? ? 
      (2.40) 
 




























gk (t +1) = gk' (t) if  
! 
˜ E k,k' < "Ek    (2.41) 

















2.5.5 MLP-mnSOM??????  
MLP-mnSOM ???????,???? ???????.??
????????????J=21?????????I = 6??????.????
???????? ? 0.2 ???[-1,+1]????????.???
????????? Table 2-4???.????????????,0?1????
??? 1????2?3??????? 2????4?5??????? 3???
???????????????.??? mnSOM??????? Fig. 2-22??
?. 










Fig.2-1 Model of Multi Layer Perceptron 
 Fig.2-3 Graph of hyperbolic 
tangent function 




























Fig. 2-6 Vector space and feature map 
 



















































(c) t = 50 (d) t = 100 









































































































































































































(a) t = 0 (c) t = 50 
(c) t =100 (d) t = 200 
(e) t = 500 (f) t = 1000 











Fig.2-23 Result of mnSOM feature map 
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???? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
???? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
???? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
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Table 2-3 Parameters of SOM algorithm 
?????? ??????
??????? ?min? ???? ?
??????? ????? ????? ?
???? ?? ????? ?
 





























? ????????????????????????Concept of Intelligent 





































































































Step 1: Description of the Robot System Architecture 
Step 2:Defining the possible module (single module) 


















































3.6 ?????  
3.6.1 ???????  
? ???????????????????????????????????
?????????????????????????????[3-4,5].1997 ?





















































???????30cm ?? 50cm ????? 80cm ???????? 5 ?? 18
? ! 12m ??????????????????????.?????2007 ?
????????????????????2007 ?????????????

























































































? ????????????? (18 x 12 [m]) Fig.3-16?? 
? ?? 





? ???? ??????? 
? ???? ???? 
? ????????? ?50 x 50 [cm]?????? ?? 40 ~ 80 [cm]? 
Fig.4-11?? 
? ???????? ?80 [kg]??? 
? ??????? ??? 















?????????????????? Fraunhofer AIS (Institute Autonomous 
Intelligent System)?????????????????[3-23].????????
???????????????????????????????????.
?????????? (70 [deg])????? IEEE1394????????.???
??360 [deg]??????????????????? DC?????????
?????????????????????.??????????????













(g) ???????????[3-25,26]? 6.0 [m/s]??????????????













(1) Concept of omni-directional mobility 
(2) Safety 
(3) Modularity concept 
 





????D CAD(computer-aided design)??? Autodesk Inventor????????
??.??????????????????????????? 70 [W] DC?
???????.???????????????????? 12:1??????
??.???????????????????????.?????????










  Table 3-1?Musashi??????.Musashi????????????????
???????????????????????????????????
????? 11 ???????????????????????.Fig.3-24 ?
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Musashi???????????????.?????????????????
??25.9 [V] 2000 [mAh]????????.?????????????????









????The international Organization of Standardization (ISO)?????????
?????????? ISO12100????????[3-25]?????ISO12100?





































? ???????????? ???????? 
? ???????????????? ?????????????? 

































?? Table 3-1???????????????????(3.6 [V] 2000 [mAh] )?
7??????????????????3.6 [V]??? 4.2[V]????????
??3.1 [V]???????????????????????????????



































3.8.1.3 Concept of modularity 
 






















Step 2: Definition of the Robot System Architecture 































Step 3: Definition of the merged module 




























(a) ????????????????????  
????? 5.0 – 6.0 m/s??? 




















3.8.3  ???  
 
? ???????????????????Musashi”????????????
?????”Concept of Intelligent Mechanical Design for Autonomous Mobile Robot”
????????????Musashi ??(a) Omni-directional Concept, (b) Safety 
































Fig. 3-2 New approach to mechanical design of an autonomous mobile robot  




Fig. 3-3 Overview of design principles of mechanical design of  
autonomous mobile robots [3] 
 
Fig.3-4 Overview of “Mecha-telligence methodology” for mechanical design of 







































































































Fig. 3-15 Limitation of a MSL robot size 
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Fig. 3-17 The selected type of soccer robot [19] 
2 CONTENTS
FIFA LAW 1 – The Field of Play
RoboCup Changes and Comments
RC-1.0:
The Field Attention: The above image doesn’t show correct proportions!
RC-1.0.1:
Surface
Choosing a material for the fl or is the responsibility of the local organizers of
an event. The color of the field surface must be green.
RC-1.0.2:
Lighting
Artificial light sources may be hung over the field. The brightness of the lighting
on the field is at least 300 lux.
FL 1.1 Dimensions
The field of play must be rectangular. The length of the touch line must be greater than the length of
the goal line.
National Matches
Length: minimum 90m (100yds), maximum 120m (130yds)
Width: minimum 45m (50yds), maximum 90m (100yds)
International Matches
Length: minimum 100m (110yds), maximum 110m (120yds)
Width: minimum 64m (70yds), maximum 75m (80yds)




Length: minimum 8m, maximum 18m.
Width: minimum 6m, maximum 12m.
The oﬃcial field size for this year is 18m × 12m.
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Fig. 3-18 The high-level specification layers including main-layer and sub layer [19] 
 
 
Fig. 3-19 Layer 1 generated from the sub-layer[19] 
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Fig. 3-20 Layer 2 generated from the layer 1 [19] 
 
Fig. 3-21 Mono-spec layer generated from the layer 2 [19] 
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Fig.3-22 Results of the mono-spec layer generation and the function design priority [19] 
 
Fig. 3-23 The results of design [19] 




Fig. 3-24 The first version of our robot equipped with eleven sensors 
 
Fig. 3-25 Musashi robot platform 
“Musashi” robot includes an omni-directional platform, an omni-vision, and a strong 
novel ball-kicking device, designed by Autodesk Inventor 3D-CAD 
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Fig.3-26 The safety example of the industrial robot  
(IDEC Co. Ltd. ) 
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Fig. 3-27 The methodology of the safety robot design 
 
 



















































































Fig. 3-29 Identification of the danger point 
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Fig. 3-31 Flowchart of the Musashi robot 
 
Fig. 3-32 Flowchart of the Musashi robot:  
Each dash square area describes basic modules. Area 1 indicates the USB module, are 
2 the motor driver (MD) module, area 3 the kicking device (KD) module, are 4 the 
motor and wheel (MW) module, area 5 the kicker circuit (KC) module, are 6 the main, 
power and camera swiches (SW) module and are 7 battery module. 
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Out/input connector Input  
connector 
(a)  (b)  
Fig.3-33 Sigle modules 
(a): Motor driver module (MD module) including a connector as I/O 
port (b): USB module consists of two connectors for input and output port. 













Central control module 
SW module  
Battery 
module 
Fig.3-35 Modules of “Musashi” robot hardware 
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Fig.3-36 Modules of “Musashi” robot 
Upper  
module  
Bottom module  
KD module  
Battery 
module  




Central control “merged” 
module 
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Table 3-1 Specification of a “Musashi” robot 
Item Specifications 
Size 500 ! 500 ! 800 mm 
Total Weight 18.0 kg 
Actuator DC-motor ! 3 
(Maxon, 24.0 V, 70 W) 
Motor Driver ! 3 
(Faulhaber, MCDC 2805) 
Power Supply Li-polymer battery 
(4..7 V ! 7 cells, 2000 mAh) 
Duration 0.5 hours 
Kicking Device DC motor ! 1 
(Faulhaber, 24.0 V) 
Torsion spring ! 3 
Sensors Omni-directional camera 
DC motor encoder ! 3 




















??? ??? ?? I 
??? ??????
???????





??? ??? ?? II 
??? ????????
??????






























4.2 ?????????????????  
? ????????????   
 



















































































???-1????????????????   
! 
O = (ored ,oblue ,oyellow ,!,oblack )  [ O = -1, 1]
????????????????????????????? 1 ?????








? Table 4-1?????? 7??????????? 15???????????








4.2.3.2 ????  
?  
(1) MLP????????????????? 
? MLP???????????????? 6????? 10, ???? 15???
7?????????????????????(Fig. 4-4)??????????
??????(Table 4-2??)???????????????????????
??????????????? 184 or 405 ?????27?????????
???????????????????????????????????
???????????????????????????????????
????????????????? 0.6, ?????0.0?????? 
 
(2) mnSOM????????????????? 
  mnSOM ???????? MLP-mnSOM ????????????????





?????? RGB??????? 10????? 15 or 7(???????????
?????)???(Fig. 4-5)????????????????(Table 4-2??)
???????????????????????????????????




? Table 4-3???? 
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4.2.3.3 ????  
?  
  ??? 30[c?]????????? USB ????????????????.
?????? USB??????????????????27????????




????????? 7???????? 27?????????? 
  ? 7????????  3?????????? 
? ? ? ? ? ? ? ? ? {??? 3?18?27} 
???????????????????? ????????????? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
MLP-mnSOM?  
 
?????? 10000, 20000,30000,40000,50000,100000,200000???????? 
 
????? 
????????? 15???????? 27?????????? 




? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? MLP-mnSOM?  
 
?????? 10000, 20000,30000,40000,50000,100000,200000???????? 
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(2) ?? 2??? 
 












? ?????? BP??????????????? Fig. 4-10???. 10????
???? 11??????????????????????????.????
???????????Table 4-2?????????????????. 

























































































4.2.4.2 ????????  
? ?????????????????????????????????




? ? ? ? ? ? ? (4.1) 
 
    ? ? ? (4.2) 
 








G =Ug? ? ? ? ? (4.4) 
 
      ? ? (4.5) 
 
! 
G =Ug      (4.6) 
 
     ? ? (4.7) 
 
! 






O = (V o"Ho)
! 
V o " [Vmino ,Vmaxo ]
! 
Ho " [Hmino ,Hmaxo ]
! 
Ug " [Uming ,Umaxg ]
! 





4.2.4.2.1  ??????  
? ??????????????????????????????????
????????Fig.4-13?????????????????????????
?????? ??? ???????????? x?????
?
    (4.9) 
?
?????YUV????? ?????????????????????????????











x = (Yg ,Ug,Vg ,Yr,Ur,Vr,Yb ,Ub,Vb ,Yw,Uw,Vw )
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" i = xi yi[ ]     (4.11) 
?










































????????.????????2 ~ 980 [lx]??????????????
???????????????????????????????????

















???????? ??????   17???Table 4-16??? 
   ??????? 8 ??(Table 4-17??) 
 
??????????????????????????? 






?????????????? :  10 x 10 
 
??????? PC :  MacBook (CPU: 2 Ghz Intel Core 2 Duo,  
                    Memory : 2 GB 667 Mhz DDR2 SDRAM) 
 
?????? ?? 30000????? CPU Time, ??????????????? ? ?












???????? ??????   4???Table 4-20??? 
 
??????????????????????????? 






?????????????? :  6 x 6 
 
??????? PC :  MacBook (CPU: 2 Ghz Intel Core 2 Duo,  











4.2.4.4 ????  
(1) ?????? 









































??????????SOM? NG???.?????????? CPU Time??
??? SOM, NG ???????????.????????????????
NG, mnSOM?????????????????? SOM?????????














? ????? 2 ??????????????.??????????????
???????????????????????????????????


















































Fig.4-1 Testing data environment 
Fig.4-2 Testing data  
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(a) class 1 
orange 
(b) class 1 blue (c) class 1 
white 
(d) class 2 
orange 
(e) class 2 blue (f) class 2 white 
(g) class 4 
orange 
(h)class 4 blue (i) class 4 white 
(j) class 15 
orange 
(k)class 15 blue (l)class 15 
white 
(m) class 23 
orange 
(n) class 23 blue (o) class 23 white 
Fig.4-3 Sample of color data 
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Fig. 4-5 mnSOM’s functional module in our algorithm 
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Fig.4-6 Result of BP learning (SOMg Canvas) and error color picture 




































Fig.4-9 Result of BP experiment II learning data error sample 
picture 
Fig.4-10 Result of BP experiment II test data 















Fig. 4-12 Conventional color extraction algorithm  
 
 
Fig. 4-13 The omni-directional mobile Soccer Robot “Musashi 
























Fig. 4-16 Transiton of the unit in feature map by SOM algorithm 
 
 









Fig. 4-19 Transition the threshold by NG algorithm 
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Fig. 4-20 Transition the modules by mnSOM algorithm 
 
 
Fig. 4-21 Transition the modules and feature map by mnSOM algorithm 
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Table 4-1 Test Color 
?? ??????? ????? ?????
????? ??? ??? ???
?? ???? ???? ????
??? ??? ???? ????
?? ?? ?? ??
?? ?? ?? ????
????? ???? ???? ????
???? ???? ???? ????
?? ?? ???? ????
??? ?? ?? ???
???? ?? ??? ???
???????? ??? ??? ???
??? ??? ???? ???
??? ???? ??? ???
??? ???? ???? ????
?? ? ???? ???? ???
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Table 4-2 Condition of test environment 
???? ????? ??? ???????
?? ?????? ?????????? ????
?? ?????? ????????? ????
?? ?????? ????????? ????
?? ?????? ???????????? ???
?? ??? ??? ?????????? ????
?? ??? ??? ????????? ???
?? ???????? ?????????? ????
?? ???????? ????????? ????
?? ???????? ???????????? ???
??? ???????? ?????????? ????
??? ???????? ????????? ????
??? ???????? ???????????? ???
??? ??? ???? ????
??? ??? ???? ????
??? ??? ??????? ?????
??? ????????? ????????? ????
??? ????????? ????????? ???
??? ????????? ???????????? ???
??? ???????????????? ????????? ????
??? ???????????????? ????????? ???
??? ???????????????? ???????????? ???
??? ??????? ????????? ????
??? ??????? ????????? ????
??? ??????? ?????????? ????
??? ???? ??? ????????????????? ???????? ????
??? ???? ???????????????? ???
??? ???? ?????? ???
??? ???? ????????????????? ???
??? ???? ??????????????????? ???????? ???
??? ???? ??? ????????????????????????? ???
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Table 4-3 Parameters of MLP-mnSOM 
??????? ??????
??????? ?min? ???? ?
??????? ????? ????? ?
???? ?? ????? ?
???? ?? ???? ?
??? ?????????? ?? ?
??? ?????????? ??? ?
??? ?????????? ????????
????? ?? ???? ?
???? ? ?? ???? ?
 
 




????? ???? ???? ?????
?????? ???? ??? ???? ????????? ??????
?????? ???? ??? ???? ????????? ??????
?????? ???? ??? ???? ????????? ??????
?????? ???? ??? ???? ????????? ??????
?????? ???? ??? ???? ????????? ??????
?????? ???? ??? ???? ????????? ???????













?????? ???? ??? ???? ????????? ???? ??????
?????? ???? ??? ???? ????????? ???? ??????
?????? ???? ??? ???? ????????? ???? ??????
?????? ???? ??? ???? ????????? ???? ??????
?????? ???? ??? ???? ????????? ???? ??????
?????? ???? ??? ???? ????????? ???? ???????








????? ???? ???? ?????
??????? ??? ?? ??? ????????? ??????
??????? ??? ?? ??? ????????? ??????
??????? ??? ?? ??? ????????? ??????
??????? ??? ?? ??? ????????? ??????
??????? ??? ?? ??? ????????? ??????
??????? ??? ?? ??? ????????? ???????













??????? ??? ?? ??? ????????? ???? ??????
??????? ??? ?? ??? ????????? ???? ??????
??????? ??? ?? ??? ????????? ???? ??????
??????? ??? ?? ??? ????????? ???? ??????
??????? ??? ?? ??? ????????? ???? ??????
??????? ??? ?? ??? ????????? ???? ???????









????? ???? ???? ?????
?????? ???? ???? ???? ????????? ??????
?????? ???? ???? ???? ???????? ??????
?????? ???? ???? ???? ????????? ??????
?????? ???? ???? ???? ???????? ??????
?????? ???? ???? ???? ????????? ??????
?????? ???? ???? ???? ???????? ???????












?????? ???? ???? ???? ????????? ???? ??????
?????? ???? ???? ???? ????????? ???? ??????
?????? ???? ???? ???? ????????? ???? ??????
?????? ???? ???? ???? ????????? ???? ??????
?????? ???? ???? ???? ????????? ???? ??????
?????? ???? ???? ???? ????????? ???? ???????
?????? ???? ??? ???? ????????? ???? ???????
 
 




????? ???? ???? ?????
??????? ??? ??? ??? ????????? ??????
??????? ??? ??? ??? ????????? ??????
??????? ??? ??? ??? ????????? ??????
??????? ??? ??? ??? ????????? ??????
??????? ??? ??? ??? ????????? ??????
??????? ??? ??? ??? ????????? ???????
??????? ??? ??? ??? ????????? ???????
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??????? ??? ??? ??? ????????? ???? ??????
??????? ??? ??? ??? ????????? ???? ??????
??????? ??? ??? ??? ????????? ???? ??????
??????? ??? ??? ??? ????????? ???? ??????
??????? ??? ??? ??? ????????? ???? ??????
??????? ??? ??? ??? ????????? ???? ???????
??????? ??? ??? ??? ????????? ???? ???????
 
Table 4-12 Result of MLP-mnSOM about learning data (10 bp learing/ epoch) 







?????? ???? ???? ???? ????????? ???? ?????? ???????
?????? ???? ???? ???? ????????? ???? ?????? ???????
?????? ???? ???? ???? ????????? ???? ?????? ???????
?????? ???? ???? ???? ????????? ???? ?????? ???????
?????? ???? ???? ???? ???????? ???? ?????? ???????
?????? ???? ???? ???? ???????? ???? ??????? ????????
 
Table 4-13 Result of MLP-mnSOM about non learning data ( 10 bp learning/ 1 epoch) 







??????? ??? ??? ??? ????????? ???? ?????? ???????
??????? ??? ??? ??? ????????? ???? ?????? ???????
??????? ??? ??? ??? ????????? ???? ?????? ???????
??????? ??? ??? ??? ????????? ???? ?????? ???????
??????? ??? ??? ??? ????????? ???? ?????? ???????




Table 4-14 Variables used in Explanation of SOM and NG algorithms 
Symbol Quantity 
! Learning data  
x Input vector 
y Output vector 
i Index expressing classes (i = 1, .... , I) 
w Reference vector 
k Index expressing unit (k = 1,......, K) 
E Distance between input vector and  
reference vector 
k* Best Matching Unit (BMU) 
"  Neigubor Function 
d(a,b) Euclidean distance between a and b 
# Learning late 
$ Neighbor radius 
% Time constant 
Table 4-15 Variables used in Explanation of mnSoM algorithm 
Symbol Quantity 
& Reference module vector  
x Input vector 
y Output vector 
j Index expressing classes (j = 1, .... , J) 
m Index of module 
Em Distance between input vector and  
reference vector 
m* Best Matching Module (BMM) 
"  Neigubor Function 
d(a,b) Euclidean distance between a and b 
# Learning late 
$ Neighbor radius 
% Time constant 
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Table 4-16 Environment of the learning data 
Location (light environment) Illuminance [lx] 
RoboCup room (FL) 10 
RoboCup room (FL) 53 
RoboCup room (FL) 110 
RoboCup room (FL) 453 
RoboCup room (FL and SUN) 81 
RoboCup room (FL and SUN) 90 
RoboCup room (FL and SUN) 450 
Entrance (FL and SUN) 25 
Entrance (FL and SUN) 45 
Entrance (FL and SUN) 125 
Entrance (FL and SUN) 252 
Outdoor (SUN) 228 
Outdoor (SUN) 18640 
Gym (SUN) 35 
Gym (WM and SUN) 113 
Gym (OM and SUN) 142 
Gym (WM, OM and SUN) 216 
 
SUN: Sunshine, FL: fluorescent light, 
WM: white mercury lamp, OM: orange mercury lamp 
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Table 4-17 Environment of the non learning data 
Location (light environment) Illuminance [lx] 
RoboCup room (FL) 310 
RoboCup room (FL and SUN) 69 
RoboCup room (SUN) 2 
Entrance  (FL and SUN) 337 
Entrance  (FL and SUN) 168 
Entrance  (SUN) 30 
Outside   (SUN) 58 
Outside   (SUN) [Evening] 980 
 
Table 4-18 
 Result of Experiment I 
 SOM NG mnSOM 
Learn speed 
[sec] 
27.9 17.1 81.5 
Error 0.0007 0.0000 0.0367 
Execution speed 
[msec] 
61.3 58.4 114.9 
Recognize 
Rate[%] 
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m( ˙ u + qw " rv) = FAx + FHx + FTx
m( ˙ v + ru " pw) = FAy + FHy + FTy
m( ˙ w + pv " qu) = FAz + FHz + FTz
Ixx ˙ p " Ixz ˙ r + (I zz " Iyy )qr " Ixz pq = M Ax + M Hx + MTx
Iyy ˙ q + (Iyy " I zz )rp + I zx (p2 " r 2) = M Ay + M Hy + MTy
Izz ˙ r " I zx ˙ p + (Iyy " Ixx ) pq" Ixzqr = M Ax + M Hx + MTx
    (5.1) 
 
m, I?????????????u, v, w??????p, q, r?????F, M?????







































































































































5.6.1 ????????  
 



















M ????????????Di = (D1, D2, ..., DM)?????????N ?????
????(xij, yij) = {(xi1, yi1), (xi2, yi2),..., (xiN, yiN)}??????????fi(.)????
?????????(5.2)??????????
Di=(xij,yij)={(!Sij,uij), !Sij}? (i=1~M,j=1~N)     
! Sij = fi(!Sij,uij)      (5.2) 












i) ???: mnSOM ??????wk ??????????






















k = h L(k,ki*),T{ } h L(k,ki'* ),T{ }
i'=1
M
#        (5.6)  
 
v) ????: ????????????????(5.7)?????????"??
????#ik ?????wk ?????? 
 
! 



















































Di = (xij , yij ) = rij " Sij ,#rij " #Sij ,uij"1( ),uij{ }
uij = gi (rij " Sij ,#rij " #Sij ,uij"1)









ˆ u ijk = G (rij " Sij ,#rij " #Sij ,uij"1;vk )
= G k (rij " Sij ,#rij " #Sij ,uij"1)
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(rj " SExp j ,#rj " #SExp j ,uExp j"1 )      (5.13) 
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4.6.2 ????????  
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?????Di (i = 0?15)???????????(1,4), (1,6), (2,7), (2,9), (2,1), (4, 4), 



























P2, P3?????P1 = 1.0, P2 = 8.0, P3 = 0.0?????????????????
???????????????????????????????????
????????????????????????? 
? ????????????????????0 ~ 25 [sec]????/4.0 [rad]?25 












































































































































































































































Fig.5-8 HEMIRE  
(KORDI,2005 Annual Report ??) 
 
 











































































































Fig. 5-16 AUV “ Twin-Burger” 
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Fig. 5-18 Learning Processes of an Adaptive Controller System using RNN-mnSOM 















Fig. 5-19 A Forward Model Map Obtained from  
the Time Series of limit Cycle Simulation Data 
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Table 5-1 Specifications of Twin-Burger 
 
 








M / C 10 30 50 100 
10 D0 D1 D2 D3 
30 D4 D5 D6 D7 
50 D8 D9 D10 D11 


































??????????????????Concept of Intelligent Mechanical Design 











(a) Omni-directional Concept 
(b) Modularity Concept 
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